algae. Animals are most often exposed to toxic amounts of algae as a result of drinking from an area where prevailing winds have concentrated the bloom. Usually the animals have evidence of green or blue colored algae on their hair coats.
In order to establish a diagnosis of blue-green algae poisoning, it is essential to obtain a suitable specimen of the algal bloom material. As soon after ingestion of the toxic algae as possible, a specimen of the implicated cyanobacteria should be obtained. It is suggested that healthy algal cells be gathered from the surface of the water or just underneath it in such a way as to concentrate the cells maximally. An efficient approach to substantiation of the diagnosis of selected blue-green algae toxicoses is shown in Fig. 1 . Material to be freezedried can be frozen immediately; however, cells for microscopic examination and identification must be kept refrigerated and not frozen. In addition to submission to the laboratory of approximately 50 ml of refrigerated cells, a l0-to 20-ml portion of the bloom material can be fixed so that a sample displaying the typical physical characteristics of the algae will be available indefinitely. Selected organisms that have been shown to produce cyanobacterial toxins are shown in Fig. 2a-c . The assistance of a biologist skilled in the characterization of cyanobacteria is recommended for confirmation of taxonomic designations.
Principal toxicoses
The primary types of blue-green algae toxicoses documented to date include acute hepatotoxicoses, peracute neurotoxicoses, and gastrointestinal disturbances. Lipopolysaccharide endotoxins are believed to have caused gastroenteritis among humans. 42 Other effects have been and cutaneous or persensitivity; the man. 5, 24, 25 reviewed and include cytotoxicity respiratory irritation similar to hylatter has been documented only in (Fig. 3b) . 9, 36 Ingestion of this organism has been associated with lethal toxicoses in sheep, 34 ducks, 28 dogs, 34 and cattle. 21 To the authors' knowledge, Nodularia was the first toxic algae reported in the literature. 19 In this original report, lethal effects were reported in cattle, horses, dogs, pigs, and sheep. Whether a hepatotoxin was involved is not certain, because there were no liver lesions observed in the sheep (the only species reportedly subjected to necropsy). Epidemiologic evidence has been presented to suggest that Cylindrospermopsis raciborskii (=Anabaena raciborskii) caused hepatotoxicases in humans on Palm Island off the northeast coast of Australia. 4 The structure of the responsible toxin is yet to be reported.
Hepatotoxic syndrome
In experimentally induced acute hepatotoxicoses due to cyclic peptide toxins, such as those caused by either microcystins or nodularin in mice, rats, swine, and cattle, death appears to result most often from intrahepatic hemorrhage and hypovolemic shock. 3, 30, 43 It is important to recognize that whereas cattle, sheep, pigs, and dogs are susceptible to poisoning after oral administration or ingestion of wet algae cells containing these toxins, laboratory rodents are usually quite resistant. Oftentimes even purified toxins must be given in very large oral doses for these species to be affected and then results are inconsistent. 34, 37 After parenteral administration, however, mice, 27, 30, 37 rats, 26,27,37 guinea pigs, and rabbits 34 are all highly susceptible. The conclusion that death results from intrahepatic hemorrhage is based on increases in liver weight as a fraction of body weight (often of 60% or more), as well as in hepatic hemoglobin and iron that account for sufficient acute blood loss to induce irreversible shock (Lovell RA, Holmes KR, Beasley VR, et al.: 1988, unpublished data). In animals that live a few hours longer, hyperkalemia and/or hypoglycemia (the latter probably resulting from hepatic insufficiency) may develop to an extent that may become incompatible with life. Surviving animals sometimes experience secondary (hepatogenous) photosensitization.
35,40
Careful collection of a dense portion of an algae bloom is mandatory: collection of filamentous algae or other plants, or water containing little algae is not likely to be toxicologically meaningful. In animals that die from algal hepatotoxin exposure, grossly evident hepatic enlargement is usually present, generally with evidence of intrahepatic hemorrhage, especially on the cut surface. In the case of M. aeruginosa, algal organisms may be identified in various parts of the digestive tract. 20 Hepatic necrosis is often sufficiently severe that only 2 or 3 rows of periportal hepatocytes survive. 26, 27 Hepatocytes are initially disassociated and rounded, and later necrotic. Time-course studies in laboratory animals given microcystin-LR (MCLR) have revealed the appearance of hepatocytes in central veins of liver lobules and in pulmonary vessels. Cellular fragments from hepatocytes initially retain nuclei, rough endoplasmic reticulum, and mitochondria that are typical of hepatocytes until they deteriorate later in the degenerative process. After death from algal hepatotoxicosis, debris from necrotic hepatocytes may still be histologically evident in pulmonary vessels although it is unlikely to be identifiable as from hepatocytes. Parenterally dosed mice tend to die much faster from algal cyclic peptide hepatotoxins than most other species. It has been suggested that in the mouse, the endothelial cells of hepatic sinusoids are the first affected cells. 18 Studies with rats, however, suggest that effects on this endothelium occur shortly after initial deformation of hepatocytes. 26, 27 Accordingly, in cases of suspected algal peptide hepatotoxicosis, specimens from animals should include refrigerated and fixed gastrointestinal contents, and fixed liver, kidney, and lung, in addition to other routinely obtained specimens to be used in ruling out alternative etiologies. The intestinal contents should be examined microscopically as soon as possible and the tissues processed routinely for histologic examination.
Studies in our laboratory have shown that both superactivated charcoal and the ion-exchange resin cholestyramine bind to MCLR, but, on an equal weight basis, the latter was more effective. 
Cyanobacterial producers of neurotoxins

The depolarizing agent, anatoxin-a
One toxin produced by strains of Anabaena flosaquae is the bicyclic secondary amine, depolarizing agent, (+)anatoxin-a (Fig. 4) . Toxicosis, typically resulting in death within 15 min, has been produced in several species of animals by parenteral or oral administration of lyophilized algal cells or algal extracts containing anatoxin-a. 7,10,1l Clinical signs in mice, rats, and calves followed a progression of muscle fasciculations, decreased movement, collapse, exaggerated abdominal breathing effort, convulsions, and death. Clinical signs in avian species follow a similar course with the addition of opisthotonus. Field cases typically involve animals that collapse with sudden death. 38 Anatoxin-a acts at nicotinic receptors with death apparently resulting from respiratory paralysis. 8 Although capable of causing depolarization at muscarinic receptors, the importance of this effect in vivo is less certain. In a trial involving calves given algae intraruminally, respiratory paralysis was extreme and persistent. 11 Despite artificial respiration for approximately 30 hr, the animals ultimately did not regain the ability to breathe on their own. Our recent studies with intravenously dosed rats, however, suggest that the toxin causes effects on skeletal muscle and peripheral motor neurons, which are reversible within minutes to hours in a dose-dependent fashion (Valentine WM, Behrens JC, Amos RA, et al.: 1988, Abstr 9th World Cong Anim, Plant and Microbial Toxins, Int Soc Tox). Thus, there is reason to believe that animals given prolonged artificial respiration, in addition to lavage and instillation of activated charcoal, may have a chance of recovery. At sufficiently high doses of anatoxin-a (800 µg/kg), however, rats died despite artificial respiration, suggesting an additional lethal mechanism.
A cholinesterase inhibitor, anatoxin-a(s)
Some strains of Anabaena flos-aquae may produce toxic amounts of anatoxin-a(s), an unstable cholines- terase-inhibiting toxin that appears to be largely in-respiratory paralysis mediated by the build-up of excapable of penetrating either the blood-brain or bloodretina barriers.
l5,l7 Toxicoses associated with cholinesterase-inhibiting algae have been observed in the field in pigs near Griggsville, Illinois, Muscovy ducks near Tolono, Illinois, 17 and dogs in South Dakota 33 and Saskatchewan. 10 Intracrop and intragastric dosings have been used to reproduce the toxicosis in ducks and pigs, respectively.
l7 Clinical signs observed in pigs include hypersalivation, mucoid nasal discharge, tremors and fasciculations, ataxia, diarrhea, bruxism, dyspnea, recumbency, and terminal nystagmus and cyanosis. Clinical signs in ducks include hypersalivation, regurgitation of algae, diarrhea, tremors, reduced responsiveness and activity, ataxia, polydipsia, dilation of the cutaneous vessels in webbed feet, dyspnea, recumbency, wing and leg paresis, opisthotonus, cyanosis, and intermittent, tonic seizures prior to death. cessive acetylcholine at neuromuscular junctions of the muscles of respiration, although cholinergic stimulation of muscarinic receptors of the lungs (glands and smooth muscles of the respiratory tree) may also play a role. Studies performed in vitro 32 and in vivo 16 strongly suggest that the toxin acts to inhibit peripheral cholinesterases in an irreversible fashion. Deaths of animals exposed to anatoxin-a(s) appear to be the result of respiratory failure. Activated charcoal and atropine appeared to be beneficial in the therapy of one pig given a dose of algae intragastrically that was lethal to another pig not provided with such therapy. Artificial respiration should also be considered in animals with severe toxicosis.
Despite observations of clinical signs in the laboratory, pigs and ducks have sometimes been found dead in and near water sources with little external evidence of previous illness. Laboratory rodents appear to be quite tolerant of the algal cholinesterase inhibitor when dosed intragastrically, but they are quite susceptible when dosed intraperitoneally. 15, 17 Based on a single intraruminal dosing trial, this toxicosis seems unlikely in the bovine animal. 17 Like the rodents, the calf was susceptible when an algal lysate was administered parenterally, suggesting lesser bioavailability, slower absorption, or other mechanisms imparting resistance as compared to the pig or Muscovy duck. Experimental toxicoses in the pig have shown terminal hypoxemia and respiratory acidosis (Cook WO, Beasley VR, Dellinger JA: 1988, Abstr Midwest Reg Chap Soc Toxico1 no. 24). These signs are believed to be a response to
Sodium channel blockers
Saxitoxin and neosaxitoxin from Aphanizomenon flos-aquae are sodium channel blocking agents that cause inhibition of axonal transmission of nervous impu1ses. 31 These toxins, previously referred to as aphantoxins, were detected in algae from a small lake in Durham, New Hampshire. In addition to these fastacting neurotoxins, 3 labile neurotoxins, not related to the saxitoxins, were also present.
Analytical methods
At the present time, there are no methods for the analysis of most algal toxins in animal tissues or body fluids. Methods for the purification and quantification of algal cyclic peptide toxins in algae have been developed utilizing high performance liquid chromatography (HPLC), thin-layer chromatography (TLC), and fast atom bombardment mass spectroscopy (FAB-MS) ( Methods have been developed using HPLC, TLC, 1 and gas chromatography-mass spectroscopy (GC-MS) 39 for the analysis of anatoxin-a (Fig. 5, Scheme 2) , and standards are obtainable." In addition, N-acetylation has been suggested as an aid to recovery during extraction. 38 The latter report also described detection of dihydro-anatoxin-a, a purported biodegradation product said to be indicative of the previous presence of the toxin in a specimen of algae that had deteriorated.
Currently, anatoxin-a(s) remains structurally uncharacterized, and purified standards are not available. The toxin readily degrades, especially when stored under alkaline conditions, although it can be stabilized by storing in acetic acid or especially under nitrogen at a temperature of -20 C. The most reliable analytical methods for detection of anatoxin-a(s) utilize cholinesterase inhibition by algal extracts in vitro or in the tissues of dosed or naturally exposed animals (Fig. 1) . Visualization of anatoxin-a(s) is possible on TLC by means of iodine vapor. The toxin, however, is deactivated on silica gel, causing concern as to whether what is being visualized is toxin or a degradation product. Methods for the analysis of saxitoxin and neosaxitoxin have been published. 3l,41
